Objective High-deductible health plans (HDHPs) have become the predominant commercial health insurance arrangement in the US. HDHPs require substantial out-of-pocket (OOP) costs for most services but often exempt medications from high cost sharing. We examined effects of HDHPs on OOP costs and utilization of adjuvant hormonal therapy (AHT), which are fundamental care for patients with breast cancer. Methods This controlled quasi-experimental study used claims data (2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012) from a large national health insurer. We included 986 women with incident early-stage breast cancer, age 25-64 years, insured by employers that mandated a transition from low-deductible (≤ $500/year) to high-deductible (≥ $1000/year) coverage, and 3479 propensity score-matched controls whose employers offered only low-deductible plans. We examined AHT utilization and OOP costs per person-year before and after the HDHP switch. Results At baseline, the OOP costs for AHT were $40.41 and $36.55 per person-year among the HDHP and control groups. After the HDHP switch, the OOP costs for AHT were $91.76 and $72.98 per person-year among the HDHP and control groups, respectively. AHT OOP costs increased among HDHP members relative to controls but the change was not significant (relative change 13.72% [95% CI − 9.25, 36.70%]). AHT use among HDHP members did not change compared to controls (relative change of 2.73% [95% CI − 14.01, 19.48%]); the change in aromatase inhibitor use was − 11.94% (95% CI − 32.76, 8.88%) and the change in tamoxifen use was 20.65% (95% CI − 8.01, 49.32%). Conclusion We did not detect significant changes in AHT use after the HDHP switch. Findings might be related to modest increases in overall AHT OOP costs, the availability of low-cost generic tamoxifen, and patient awareness that AHT can prolong life and health. Minimizing OOP cost increases for essential medications might represent a feasible approach for maintaining medication adherence among HDHP members with incident breast cancer.
Introduction
Breast cancer is the most common non-skin malignancy among US women [1] . Guidelines recommend that women with hormone receptor-positive early-stage breast cancer receive adjuvant hormonal therapy (AHT, including tamoxifen and aromatase inhibitors, AIs) [2] [3] [4] [5] [6] . Taken as oral medications daily for 5-10 years, AHT decreases the risk of breast cancer recurrence and mortality [7] .
High-deductible health plans (HDHPs) are now the predominant commercial health insurance product in the US [8] . HDHPs require potential annual out-of-pocket (OOP) spending of approximately $1000-$6000 per person for most non-preventive care including specialist visits. In 2017, 51% of covered workers had deductibles of $1000 or more and 23% had deductibles of $2000 or more [8] . However, the majority of HDHPs have medication cost sharing arrangements (typically, a tiered copayment structure) that are similar to more generous traditional health insurance plans.
Recent research has demonstrated that women in HDHPs experience delays in breast cancer diagnosis and initial treatment [9] . However, little is known about longer-term impacts, especially use of AHT and treatment continuity. Studies suggest that higher patient OOP costs, lower income, as well as Black and Hispanic race/ethnicity are associated with lower rates of appropriate systemic adjuvant therapy [10] [11] [12] . Previous research has demonstrated that breast cancer patients with over $30 prescription copayments were 2.1 times more likely to be non-adherent to AIs than patients with less than $10 copayments [6] . It is unclear whether women with early-stage breast cancer facing a general increase in OOP medical costs will reduce the utilization of these necessary medications, given that medication cost sharing structures might be largely unchanged from before to after HDHP enrollment. The purpose of this study was therefore to examine the impact of modern HDHPs on OOP costs for and use of AHT in patients with early-stage breast cancer.
Methods

Study population
We drew our study population from commercially insured members in the Optum database (Eden Prairie, MN) enrolled between 1/2003 and 12/2012. Data comprised all medical and pharmacy claims from members of a large national health plan. We included subjects in the study based on their employers' health insurance offerings. All members of our sample had continuous pharmacy coverage. As in our previous research [13] , we defined employers with low-and highdeductible coverage as those offering exclusively plans with annual deductibles of $0-$500 and $1000 or more, respectively. Both plan types generally cover medications and preventive care (e.g., annual preventive primary care visits) at relatively low OOP costs. In contrast, HDHP members on average must pay substantially higher OOP costs than traditional plan members for services such as diagnostic testing, procedures, specialist visits, and acute care. Of note, however, approximately 17% of employers offer HDHPs linked to Health Savings Accounts and require that most medications be subject to the deductible [8] . We used a benefits variable available for most smaller employers (approximately ≤ 100 employees) to estimate employer annual deductibles [9] . For larger employers, we imputed deductible levels using OOP costs among employees who utilized health services, an algorithm that had 96% sensitivity and 87% specificity among employers with at least 100 members. We restricted our analyses to employers with ≥ 10 enrollees to reduce employer selection based on enrollee health status. We used a full replacement design to minimize self-selection bias, i.e., the study population comprised individuals whose employers offered 1 year of low-deductible benefits followed by a mandated HDHP switch (HDHP group) or a mandated continuation in low-deductible plans (control group). We defined the beginning of the month of the low-to-high-deductible transition as the HDHP switch month (index date). For HDHP employers, the 12 months before the HDHP switch was the baseline period and the follow-up period was up to a year after the HDHP switch. For control employers, we defined the index date as the beginning of the month when the employer could change health insurance benefits ("anniversary date"), with 12-month baseline and follow-up periods defined in relation to this index date.
Among the HDHP and control employers, we implemented an established claims-based algorithm to identify women with incident early-stage breast cancer; detailed methods are available in the literature [14] . In brief, we defined women as having newly diagnosed early-stage breast cancer if they had a primary diagnosis of breast cancer malignant or in situ breast cancer (ICD-9-CM diagnosis codes 174.x or 233.x), and had a mastectomy or a lumpectomy/partial mastectomy followed by at least one claim for radiotherapy (see Appendix for codes). The date of the first qualifying procedure was the disease index (incidence) date and we excluded women with breast cancer diagnosis more than 6 months prior to the disease index date, consistent with the established algorithm. We required women to have no use of AHT prior to the disease index date.
We identified rolling cohorts of women with incident early-stage breast cancer in the HDHP and control groups as our populations for analysis. Women entered the denominator in the month that their disease index date occurred if this was in any month of the baseline or follow-up period (a total of 24 months). We required these women to have at least 1 month of enrollment before and 6 months of enrollment after their disease index date. Individuals contributed to study time starting from their disease index date to the end of their enrollment or to the end of the follow-up period, whichever came first. Included study time could therefore range from 1 month to as long as 24 months per patient. We identified a pre-match sample of 1012 HDHP members aged 25-64 with newly diagnosed early-stage breast cancer and 10,692 potential controls in low-deductible plans.
Matching strategy and covariates
To further minimize potential selection effects, we used a 1:4 propensity score match using member-level and employerlevel variables for the propensity to switch to HDHPs. Individuals from HDHP and control groups were categorized by AHT use any time during the study (AI users, tamoxifen users, and no use of AHT; individuals who received both AI and tamoxifen were categorized as AI users) and matched within these three strata. Baseline employer-level propensity score predictors included employer size, mean outpatient copay, percent with mean outpatient copay greater than $15, and an indicator of cost sharing level (ratio of total OOP costs to total standardized care costs greater than 0.2). The member-level variables used in the caliper propensity score match to predict the likelihood of switching to an HDHP included baseline age, US region of residence, income and education levels, race/ethnicity, HDHP switch month, disease index month, and the following three variables were calculated using the month before the disease index date: monthly mean OOP costs, monthly total standardized costs, and count of distinct drug categories as a proxy for comorbidities [15] . We included a final matched population of 986 women insured by employers that mandated a transition from low-deductible coverage (≤ $500/year) to HDHPs (≥ $1000/year)-the HDHP group-and 3479 contemporaneous patients whose employers offered only low-deductible coverage for the baseline and follow-up periods-the control group.
To derive proxy demographic measures, the data vendor linked members' most recent residential street addresses to their 2000 US Census block group [16] . Census-based measures of socioeconomic status have been validated [17, 18] and used in multiple studies to examine the impact of policy changes on disadvantaged populations [19] [20] [21] . We classified members as from predominantly White, Black, or Hispanic neighborhoods if they lived in a census block group (geocoding) with at least 75% of members of the respective race/ethnicity. We then applied a superseding ethnicity assignment if members had an Asian or Hispanic surname [22] , and classified remaining members as from mixed race/ ethnicity neighborhoods. This validated approach of combining surname analysis and census data has positive and negative predictive values of approximately 80 and 90%, respectively [23] . Using 2000 US Census block group data and validated methods [17, 18] , we defined four validated neighborhood income and education levels. Neighborhoods with below-high-school education levels were categorized into four education-level strata: < 15 and 15-24.9% defining high-education and 25-39.9% and ≥ 40% defining loweducation. Neighborhoods with below-poverty levels were categorized into four income-level strata: < 5 and 5-9.9% defining high income and 10-19.9% and ≥ 20% defining low income. Employer size was defined as 0-99, 100-999, and 1000+ enrollees, and US regions were West, Midwest, South, and Northeast.
Outcome measures
AHT included in the study were tamoxifen and the three AIs: exemestane, letrozole, and anastrozole. First, we calculated pharmacy OOP costs defined as the sum of deductibles and copayments per prescription. We estimated monthly and yearly OOP costs per person for AHT as a group and for AIs and tamoxifen separately during the baseline and follow-up periods, adjusting yearly estimates for the length of enrollment. We used winsorizing to reduce the impact of extreme outliers on effect estimates. We capped any member's AHT OOP cost per fill to the 99% value of OOP costs established from all AHT fills. To estimate AHT utilization, we first created a person-level daily indicator of medication availability for each AHT starting from the disease index date by spreading the days supplied for each dispensing over days that the patient was enrolled in the health plan; generically equivalent products were treated as the same medication. Our AHT utilization measure was numbers of days covered by AHT per person per year for any AHT as well as separately for AIs and tamoxifen during the baseline and follow-up periods, adjusting for the length of enrollment.
Design and analysis
We first used unadjusted, aggregate monthly time series to display the population-level data. Next, we used a pre-post with control group design with a patient-level difference-indifferences analytic approach to calculate effect estimates between the study groups from before to after employermandated transitions to HDHPs and to test the significance of the annualized differences for all outcome measures.
We compared baseline characteristics of our study groups using a standardized differences approach [24] . Continuous measures are reported as mean (SD), and categorical variables are reported as count (percentage). We removed from statistical models the index month and the prior month to reduce bias due to anticipatory changes in utilization before the HDHP switch (and consequent reductions in the month after the switch). Our difference-in-differences analyses compared changes in outcomes among members before and after the mandated HDHP switch versus controls. The term of interest was the two-way interaction between an indicator of HDHP versus control group and an indicator of before versus after the index date. We used a zero-inflated negative binomial distribution for OOP costs for AHT per personyear and a binomial distribution for analyzing AHT utilization days per person-year to account for members without any utilizations or costs [25, 26] . Using terms from the regression model, we then used marginal effect methods to calculate mean adjusted baseline and follow-up OOP costs and AHT utilization as well as absolute and relative changes in outcomes [10] . We controlled for covariates described above. All analyses were carried out using the SAS software, version 9.3 (SAS Institute, Cary, NC) and STATA 14 (StataCorp, College Station, TX). 
Results
Compared with the unmatched sample (Table 1) , our propensity score matching approach increased the similarity of the HDHP and control groups. After matching, all standardized differences between HDHP and control group characteristics were well below 0.2, indicating minimal differences [24] . The average age of HDHP and control members was 51 years. Approximately 27-29% lived in low-income neighborhoods, 17-18% lived in low-education neighborhoods, and 6-7% were Hispanic. About half (50.8% of HDHP and 54.2% of control) of members were enrolled through midsized employers with 100-999 enrollees. Figure 1a -c presents unadjusted, aggregated time series plots of use of AHT, AIs, and tamoxifen, respectively, by study group from the sixth month of the baseline period (after stable rolling cohort has accumulated) through the 12-month follow-up period after the HDHP switch.
HDHP members faced an absolute baseline-to-followup increase in total OOP costs of approximately $1205.39 per person-year on average compared to controls during the same periods (p = < 0.001). At baseline, the OOP costs for AHT were $40.41 and $36.55 per person-year among the HDHP and control groups, respectively. After the HDHP switch, the OOP costs for AHT were $91.76 and $72.98 per person-year among the HDHP and control groups, respectively. In adjusted difference-in-differences analyses, the absolute change in OOP costs per person-year for AHT among HDHP members compared to controls from baseline to follow-up was not significant ($11.07, 95% CI − 5.61, 27.76; Table 2 ) and the relative change was also not significant (13.72%, 95% CI − 9.25, 36.70%). The relative changes in OOP costs per personyear for AIs were 16.32% (95% CI − 14.45 to 47.08%) and for tamoxifen 4.76% (95% CI − 23.42 to 32.95%).
In adjusted difference-in-differences analyses, the relative change in mean days covered with AHT per personyear among HDHP members compared to controls from baseline to follow-up was not significant (Table 2; HDHPs, compared with contemporaneous propensity score-matched members in low-deductible plans
Discussion
In this rigorous analysis of women with incident early-stage breast cancer who experienced mandated HDHP transitions, we did not detect significant changes in OOP costs for AHT or in AHT use. Other studies have suggested an association between large copayment (≥ $90 per 90-day supply) and non-adherence to AIs in both Medicare and commercially insured women [6, 27, 28] . However, we found no statistically significant changes in AHT use among HDHP members. Findings might be explained by a variety of factors. The average annual increase in OOP costs for these medications-approximately $11.07 per person for HDHP members compared to controls (in the context of an annual increase of $1205.39 in total OOP costs per person)-was perhaps too small to substantially affect use. In addition, some HDHP women might have substituted low-cost generic tamoxifen for the more expensive AIs, allowing them to preserve AHT use. Patient awareness that AHT can prolong life and health might have made HDHP members reluctant to discontinue these medications. It is also possible that many HDHP members reached their annual deductible amount, after which they would experience low or no cost sharing and thus less incentive to reduce AHT use. Finally, funds in Health Savings Accounts or Health Reimbursement Arrangements, available to a minority of HDHP enrollees, might play a role in maintaining AHT treatment. This study has several strengths. We used a large, nationwide sample of women diverse in income, age, and geography. Our study used full replacement employers, strong longitudinal analysis methods, and propensity score-matched controls to reduce bias in estimating HDHP impacts. Prior studies examining the association between copayment amounts and adherence used cross-sectional approaches that do not allow strong causal inference [6] . Our results should generalize well to the rapidly increasing cohort of commercially insured women with early-stage breast cancer experiencing the major national trend toward HDHP adoption.
There are however several limitations. We were able to determine exact deductible levels for small but not large employers. However, our imputation algorithm for large employers had high sensitivity and good specificity and our analyses showed that, at the population level, the HDHP group experienced marked relative increases in overall OOP costs. Our study may not be representative of members with very high deductibles or newly insured individuals with no prior insurance experience. We did not have detailed information on tumor stage and we had no information on hormone receptor status that would influence AHT use. We also did not have information on non-cost-related reasons for AHT discontinuation such as toxicity or patient preference. However, these as well as stage and hormone receptor status are unlikely to differ by study group and thus should not influence our findings. Previous research has suggested that women younger than 40 years have higher risk of nonadherence [15] but we did not have sufficient power to conduct this stratified analysis.
Overall, our study adds to the HDHP literature by examining effects of insurance design on the use of AHT, a group of essential and effective medications for patients newly diagnosed with early-stage breast cancer. Future analyses with larger sample sizes should examine HDHP impacts among vulnerable subgroups such as those with low income, racial/ethnic minorities, and individuals covered by HDHPs with Health Savings Accounts that require full drug cost sharing until deductibles are reached.
Our findings have important implications for employers and policymakers. We studied a natural experiment that approximates "value-based insurance design," in which OOP costs for a high-value service (AHT in this case) are kept relatively low compared with other services. An increasing body of evidence suggests that when select services have relatively low OOP costs or minimal OOP cost changes (e.g., AHT), use can be preserved despite otherwise large cost sharing increases under HDHPs [13, [29] [30] [31] [32] . For example, rates of cancer screening [13, 30, 32, 33] , chronic disease medications [29, 31] , and diabetes primary care visits and monitoring [29] are preserved when exempted from high deductibles. Policymakers could use our findings to structure medication cost sharing in a way that continues to preserve guideline-recommended standards of care among patients with life-threatening diseases. Employers offering HDHPs might consider maintaining relatively generous tiered drug copayment plans, purchasing drug riders, or generously funding health savings accounts in order to maintain the health of their employees and families who require life-saving medications.
In conclusion, we did not detect significant changes in AHT use after the HDHP switch. Findings might be related to relatively small increases in AHT OOP costs after the HDHP transition. Minimizing OOP cost increases for essential medications might represent a feasible approach for maintaining medication adherence among HDHP members with incident breast cancer. An increasing number of women at risk for breast cancer will be enrolled in HDHPs over coming years, likely implying that more low-income women will enroll and that many women will enroll in HDHPs with health savings accounts that require full drug cost sharing. It will therefore be important to continue to monitor AHT use, especially among vulnerable subgroups, as HDHPs and their membership evolve.
